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FOREWORD

The Subcommlttee on Radlochemlstry ls one of a number of
subcommittees worklng under the Committee on Nuclear Sclence
wlthin the Natlional Academy of Sclences - National Research
Councll. Its members represent government, lndustrial, and-
universlty laboratorles in the areas of nuclear chemlstry and
analytical chemlstry ' '

The Subcommittee has concerned 1tself with those areas of
nuclear sclence which Iinvolve the chemlist, such as the collec-
tion and distributlon of radlochemlcal procedures, the estab-
lishment of specifications for radlochemically pure reagents,
avallablllity of cyclotron time for service lrradlations, the
place of radiochemistry in the undergraduate college program,
ete.

This series of monographs has grown out of the need for
up-to-date compillations of radlochemical information and pro-
cedures. The Subcommlttee has endeavored to present a serles
which wlll be of maxlmum use to the working sclientist and
whilch contains the latest avallable informatlon. Each mono-
graph collects 1n one volume the pertinent information required
for radliochemlcal work with an lndivlidual element or a group of
closely related elements.

An expert 1n the radlochemlstry of the partlcular element
has written the monograph, followlng a standard format developed
by the Subcommittee. The Atomlc Energy Commlsslon has sponsored
the printing of the serles,

The Subcommlttee 18 confldent these publications wlll be
useful not only to the radlochemlst but also to the research
worker In other flelds such as physlcs, blochemlstry or medicine
who wlshes to use radlochemlcal technigques to solve a specifilc
problem.

W. Wayne Melnke, Chalrman
Subcommlttee on Radlochemlstry
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INTRODUCTION

This volume which deals with the radiochemistry of technetium
is one of a series of monographs on radiochemistry of the elements.
There 1s included a review of the nuclear and chemical features
of particular interest to the radiochemist, a discussion of prob-
lems of dissolution of a sample and counting techniques, and
finally, a collection of radiochemlcal procedures for the element
as found in the literature.

The series of monographs will cover all elements for which
radiochemical procedures are pertinent. Plans include revision
of the monograph periodically as new techniques and procedures
warrant. The reader 1s therefore encouraged to call to the )
attention of the author any published or unpublished material on
the radiochemistry of technetium which might be included in a
revised version of the monograph.

iv
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IT. Table of .Isotopes of Technetlium

Isoﬁope Half-11ife " Type of decay Method of preparation
mc 2 4.3m g+, Ec Mogz(p,n)
1e?3™ 43,5 IT. ~80%, EC ~20% M022(d,n)
93  2.73n  EC 88%, pt.12% Mo92(d,n)_
e 53m B * 758, EC ~25% wo?* (p,n)
17eP® 604 EC 964%, IT ~3%, ¥ ~0.4% Mo”(p,n)
e?®  20.0h EC ' : Mo22 (p,n)
peI6m 51 5m IT 09 (p,n)
1¢%  4.20a BC B % (p,n)
1a?™ 914 IT _ Mo”7 (p,n)
297 2.6x10% EC daughter Rud7
Tc:9.8 1.5x106y B~ Moga(p,n)
Tcggm 6.04h T daughter M099
Tc99' 2.12;105y B™, noy daughter Tc99m;fission
e 15.8s B~ a ﬁoloo(p;n)
% 14.0m B~ Mot%(a,n)
Tclo_2 53 B~ fission
102 4 .5m B~ " f1ssion
03 1.om B~ fission
Tclo4 18m 8- fissilon
7¢*%  1om B~ "fission
17¢1%7 € 1.5m B~ fission

See "Table of Isotopes" by D. Strominger, J. Hollander, and G.
Seaborg, Reviews of Modern Physics 30, 585-904 (1958), for more com-

plete lnformation and for rgferences to the_original literature.



III. REVIEW OF THOSE FEATURES OF TECHNETIUM CHEMISTRY
OF CHIEF INTEREST TO RADIOCHEMISTS
1. General Remarks

~In many respects, the analytical behavior of Tc 1s
similar to that of Re. Both form stable XOu— anions that
glve insoluble salts with large cations; both form volatile
heptoxldes; and both form acid-insoluble heptésulfides.
However, there are subtle differences between the two ele-
ments that can cause them to behave very differently under
certaln condltions. The vapor pressure of Tc207 1 1s much

at low temperatures (e.g. lo_lmm

5

higher than that of Re,0.

at 100° ¢, compared to ~ 3 x 10 °mm for Re207). In con-

"trast to rhenium, technetium (VII) is therefore easlly lost

upon evaporation-of'acid'solutions unless a reducing agent

is present or the evaporation is conducted at a low tempera—

ture. Ignorance of these factors'has led to a.multitude.

of conflicting statements concerning the volatllity of'technetium.
Another important property of Tc(VII) 1s its rela-

tlvely greaﬁer ease of reduction, and the slowness of some

. of the intermedlate steps iﬁ the reductlon process. Per-

technetate lon 1s reduced to a lower'oxidation state by

hydrochloric acid, thiocyanate ione, organle impurlties pres-

ent 1n tetraphenylarsonlum chloride3, anlon exchange resinu,

and some organlc solvents. Yet the complete reduction to

Tc(IV) is slow, and by analogy with rhenium5, a ﬁuitiplic—

1ty of reaction produéts may be expected. Unless precauﬁions'

are taken to malntailn technetium in the approprlate oxldation

state, érratic results wlll be obtailned.

2. Metalllc technetium

. Technetlum metal can be prepared by reduction of the

3



sulfide with hydrogen at 1100° ¢ 6’7. A purer product is
obtained by hydrogen reduction of ammonium pertechnetate at

8

500-600° ¢ s or by electrodeposition from 2N HESOM_in the

presence of traces of fluoridng The metal hés-a density.
of 11.49 and melts at 2140 + 20° G under atmospherlc pres-
surelo.

Technetium metal dissolves 1n nitric acld, aqua regla,
aﬁd hot, concentrated sulfuric acid. It 1s insoluble 1n
hydrochloric acid and, 1n contrast to rhenium, in neutral

7,8

or alkallne hydrogen peroxide It tarnishes slow1y in

molist alr.

3. Soiution chemlstry of téchnetium
By ahalogy wiﬁh rhenlum, éli oxldation states betwéen
-1 and +7 may be expected for.technetium.; of these, the |
+7 18 the.mosﬁ 1mportgnt, though thé.+4, +5 and +6 states
may also be of 1ﬁtereét 1n some anal&ficﬁl épplications.
| a. Oxidation State +7

Ammonium'pértechnetate. The most common compounhd of

Te{VII) 1s ammonium pertechnetate, NH),TcO, , a white, water
soluble salt. It 1s usually obtalned by dissolving techne-
tlum heptasulfide 1n'ammonia and hydrogen peroxide. When
prepared 1n this manner, 1t 1s often heavily cohtaminated
with (NH4)2804 and NH,NO,, and decomposes to TcO

2
ngs’l?, but a somewhat purer product has apparently been

12

on heat-
1

sublimed in vacuo without decomposition

.Technetium heptoxidé and pertechnetic acid. The yelléw;
crystalline okide has been preparea by 5ufn1ng fhe.metai in
oxygen at 400-600° ¢ 13. It melts at 119.5o C and bolls at
311O C. Technetlum heptoxilde d;ssolves in water to givé a

colorless solution of HTcQ) . The vapor pressures of both the



acld .and the heptoxlde aré rather hlgh even at low tempera-
turesl, and while this 1s ﬁ handicep 1n some respects, 1t
also makes posslble a number of chemlcal separations.

The copreéipitation behavior of pertechnetate ion has

been lnvestigated in some detail. It formse slightly soluble

-+

salts wlth large cations, e.g., T1+; Ag ', Cs+, niltron, and

(C6H5)4As+; At 0° C, precipitation with the last-mentioned

reagent 1s feaslble at concentrations as low as 5 mg Tc/1 14_

At lower concentrations, any of the XYA_ anlons may be used

as carriers: e.g.,'Reou', €10, , I0, , and BF),~ 15,16,17

In acld solutlons, molybdenum also preclpltates, but in
basic solutions, 1t does not interfere. Decontamlnation
from other fisslon products 1s excellent: a single-step

B decontamination factor of 105 has been reportéd. The

principal remalning contaminants are Zr, Nb, and Ru 17; Co-

precipitation with (CgHg))AsRe0, 1s probably the fastest

known separatlon method for Tc; when milking 5 sec. T0102

102

from 11.5 min. Mo , Flegenhelimer et alls'were able to pre-

cipitate and filter the sample in 5-6 seconds.
Removal of the technetium from the organlic precipitate

may be accomplished by wet combustlion, by electrolysls in
concentrated stou, or b& passing an alcohol solutlon of the
precipltate through a strong-base anlon exchanger in the -
chloride form. The orgénic éation passes through the ex-
changer, ﬁhile the pertechnetate i1s adsorﬁed and-may be.sub-

sequently eluted'by_HClOu 8’19.

Pertechnetate does not coprecipltate with manganese and
ruthenium dloxides, -zirconlum hydroxide, tantallic and niobic

aclds, the 8-hydroxyquinolate and benzidinate of molybdenum

20’21, silver'molybdateee, lead molybdate, ferric hydrox-

23

(vI)

ide, and & -benzoln oxime molybdate



Techrretlum heptasulfide. Thils compound can be prepared 

by precip;tation from solutions'e_to L N in HC1 or HESO4 by

To11 a5 11ttle as 3 mg/1 of

11,23 .

meané of hydrogen sulfide
technetium may be preclpitated by H,S from 4 M H,S80,
The precipifation.is sluggish and incomplete under some con-
ditions, particularly if the techﬁetium is not all 1n the
_+7 state7’15. Many of the precautions required 1n the pre-

cipltation of rhenium24’25’26

are equally appllcable to
technetium. _

At trace levels, the sulfildes of Pt, Re, Cu, Mn, and
many other elements may be used as carriers. Detalled
studies on the optimum condiltions fof coprecip;tation have

20,21,23,27_ cat

been made 1s a very effectlve carrier at
acld concentrations of 0{2-33, and offers the advantége of
being easlly separable from Tcou'f. Thé sulfide 1s dissolved
in ammoniacal hydrogen.peroxide, the peroxlde destrdyed by
bolllng, and the copper removed by passing the solution
through a catlon exchanger (e.g. Dowex. 50) in the ammonium
33

form™~. The resulting pertechnetate solutlon.ls still con-
taminated with ammonium sulfate and nitrite. If materlal of
low solids content 1s required, the technetlum may be electro-
deposited as the dloxide on a platinum cathode, and redis-

solved in a minimum amount of ammonlacal hydrogen peroxide23.

28 15,26

Thlocacetamide or sodlum thiosulfate may be used to

advantage instead of hydrogen sulfide (Fig. 1).
Many other elements in thils region of the periodic

table precipitate under the same conditions, so that the
method 1§ more useful'fof purpoées of concentration than
separation. However, the lower oxldation states of Te¢ do
not precipitate with'st in strongly acid solutions, and one

may therefore separate Tc from Re by conducting thé precipil-

6



100

Coprecipitation of Tc>®

with CuS

o

Per Cent Activity in Filtrate

o
] IIHHT

1 i i | |
20 40 60
Heating Time (min)

o
o T

Fig. 1.
Coprecipitation of Tco]\t~ with copper sulfide.
Curve I 2 mg Cu++/40 ml 0.2M HC10,, precipitated with H,S.
Curve II 2 mg Cu't/40 ml 0.2M HC10y, pptd. w. thloacetamide (0.5%).
Curve III 1 mg Cu'H'/EO ml 0.5M H,S0,, pptd. w. thloacetamide (0.5%) .

Solutions initially at room temp.; heated to 90-100°C within 5-7 min.



tation in a medlum that reduces Tc(VII), e.g. 9-10N
HC1 15’23’29. The separation 1s not sharp, however, since
several percént of technetlum copreclpitate wlth the rhénium,
and measurable amounts of rhenium remain 1n solutlon.
) b. Oxidation State +4

Technetium (VII) 1s reduced to lower oxidation states
by many reducing agents. In dllute sulfuric acld medium,
hydrazine, hydroxylamlne, ascorbilc acld, and staﬁnous chloride
produce a state that readlly ylelds the hydratéd dioxide,
Judging from 1ts copreclpltation with the analogous rhenilum
compoundls. It is not clear whether thls state 1ls responsible
for the yellow thlocyanate complex of Tc(IV) observed by
Crouthamelz. The dioxlde can also be made by electrolytic

30, by hydrolysis of

reduction of_pertechnetate solutions
Tc016=, and bytreduction of Tcou; by zinc in dilute hydro-
chlorilc acild solutions3l.

This state of Tec(IV) 1s oxidized to Te(VII) by nitric
acld, hydrogen peroxide,'and atmospherlic oxygen. It 1s car-
‘ried by ferrlc hydroxide, and one may take advantage of this
fact to separate technetium from rheniuml5.

Reduction of Tco4' to a cationic form of Tc(iV) has been

reported by de Caz’-valho32

, using hydrazine at pH 8 to 9 or
hydriodlc acld as reductants. The assignment of a catilonic
character to thls specles was based on 1ts i1mmobility in
papér electrophoresls. However, this behavior is equally'
conslstent with that of an 1nsoluble substance, such as Tcoe.
Strong hydrochloric acld reduces TcOu_ to TcCl6% 15’33,
though the reactlon 1s slow and proceeds. through several

intermediate oxidation states. At room temperature, 1 hr.

1s required for complete reductionl5.
6,31

The reductlon has also

been carried out with 1odide ion The TcCl6= lon under-



goes slow hydrolysls even in 3F HCl, Judging from changes 1n
19 '

its absofptidn spectrum Reduction of Tcou— by SnCl, in

2

1-2M HCl gives a new Tc(IV) species with & UV-absorption band
at 3220 A34. _In 0.75-0.5 M HCl, a second oxygenated specles,
with an absorptlon band at 3500 A was obtalined 1n addition.
Hexachlorotechnetate (IV) lon coprecipitates with thallium

and - ol ' dipyridyl hexachlororhenates (IV), but is not

carried by cupferrates, phosphates and phenylarsonates of
tetravalent'catiqnals. In basic solutlon, it hydrolyzes

promptly to the dloxlide, which is carrled by ferric hydrox-
ide15. A separation from rhenlum may be baséd on this fact.
Pertechnetate 1s reduced to_TcCl6= by conc. HCl, the techne-

tium 1s coprecipitated with Fe(OH)3, and oxidized to the +7

state by dissolving the preclpltate 1in conc. HNO3. The 1ron
1s then removed by an ammonia precipitationlS.
Thomason>> has observed a pink speciles of Tc(IV) during

electrolytic redﬁction of a pertechnetate solution in the
presencé of phosphate lon. Nothlng 1s known about the ana-
lytical behavior of thils speciles.

The TcCl6= ion 1s oxldized to Tc(VII) by HNO

3, H202J
15,28

Cl., Ce(IV) and MnOA— , but seems to be more reslstant

27
to ailr oxildation than the oxygenated species of Te(IV).
¢. Oxldation States +6 and +5
These states are somewhat harder to prepare than the +i4
state, and have not been too well characterized.

15 obtained Tec(VI) by hydrazine reduction of éold,

Gerlit
alkaline pertechnetate soclutions. Silnce his experiments were
carried out with 6 hr. Tc99m’ the compound could not be 1lso-
lated but had to be characterlzed by radlochemlcal technlques.
It is nelther extracted by ketones or pyridine, nor preclpl-

tated by ferric hydroxlide, but 1s.carr1ed quantitvatively by



molybdenum 8-hydroxyqulnolate, and silver and lead molybdate.
In the presence of gipximes, 1t can be extracted into inert
solveﬁts such as chloroform. At an OH concentration of
. 0.02 to 0.05 N the compound slowly disproportionates to
Tc(VII) and Tc(IV) 1n the ratio of ~2:1. The above facts
are conslstent with 1ts 1dent1:ication as T004=.

Another oxldation state of technetium hes been observed
in the reduction of Te0,~ to TeClg by 6-8 M HCl. At 100° C,.
the reaction is complete 1n ~12 hours. During the flrst
two hoﬁrs, an. Intermediate oxidation state forms that ex-
tracts into hexone wlth a partition coefflclent of > 30
(compared to A:il for Tco4_), absorbs light strongly at
2350 X (ﬁolar absorbancy, £22 3 x 104), and forﬁs a red com-
plex with thiocyanate33. Croutha.mel2 was able to show that
this complex (& = 52,200 at 5130 &) is due to Te(V). It can
be produced directly from Tc(VII),.since.thiocyanate 1tself
will reduce Tc(VII) to Te(V). Unfortunately, both Mo and Re
interfere by partlial reductilon to colored, extractaﬁle thio-
cyanate complexes, and by causing slde reactlons that prevent
complete conversion of Tc(VII) to Te(V). Interestingly enough,
stronger reducling agents such as SnCl2 also Iinterfere, by
carrylng the reductlon below the +5.state. This explﬁins
the observatlons of Perrier and Segré29 that techmetlium does
not extrﬁct into ether 1n the presence of thiocyanate-and

stannous chloride.
Crouthamel also obtained evidence for the formation of

Tc(VI), (V), and (IV) in the potentiometric titration of
TcO,_I__ by Ti(III) in 12 M H,S0,. In this medium, Te (V1) dise-
proportionates within 3-4 minutes to Tc(V) and Te(VII),

whereas Tc(V) disproportionates to Tc(VII) and Tc(IV) within
an hour. In 2 M 32504 or HCl, saturated with (NH4)2804 and

10



NHhCl, respectively, a red color (absorptlon maximum ~ 5000 R)
was observed at the stoilchlometric endpoint of Tc(V). No
such color w&s observed in 10 to 12 M acid.

Busey3u has recently studied the reduction of-Tcou_ by
HC1, conflrming some of the observations of Crouthame12 and
33.

Alperovitch ‘Reduction with HC1l aleone, or H,PO, in

3" 72
8 M HCl,_gives what appears to be a singly oxygenated specles
of Te(V), such as TcOClu_. It 1s stable in 3 M HC1, but dis-
proportionates 1ﬁ 1 M HCl. A different species of Tc(V),
poeslbly TcCl6_, ls formed when a solution of Tc016= in
12 M HC1l 1s irradlated in sunlight.
d. Oxldation state +3 and unildentifiled lower states

Thomason has prepared a green solutlon contalning Tc(III)
by controlled zathode potentlal electrolysis of Tcou_ in a
phoaphate buffer at pH 7 35. .It 1s easlly oxldlzed by air
to Te(IV). Gerlit'® reports that an oxidation state lower
than (IV) is obtailned in the reduction of TcOu_ by Zn 1n con-
centrated HCl. Thils state does not coprecipitaté wilth
thallium hexachlororhenate (IV) from hydrochlorlc acld solu-
tlons, wlth rare earth or alkallne earth oxalates from weakly
acld or neutral solutions, or with copper and zinc sulfides
from weakly acid sclutions. It 1s carried quanfitatively by
iron and zirconium hydroxldes, and the suiphide, hydroxide,
and 8-hydroxyquinolate of manganese. It is readily ox1dized
by oxygen, hydrogén peroxide and ﬁitric acld. Although Geriit

interprets this oxidatlon state as Tc(II), the above evidence
definitely does not rule out 1ts assignment to Tc(III). For

comparison, one -should note that in dilute (IN)HC1l, technetium
1s quantitatively deposlited on amalgamated zihc poWder23.
It 1s not kriown whether these specles are cationic, nor

have any other catilonlc stétes'of Tc been 1dentifled with any

el



certainfy. Flagg and_Bleidnereg réport-that solutions of
-electrodeposited Tc(Tcoe?) in dilute acids, and pertechnetate
solutlons treated with HC1l or-.SnCl2 were adsorbed on bhasic.
alumina columns, suggesting reduction to a cation. qud _
et al36 éonducted electromigration experiments on TcOu_ solu-
tions in 4 M H,S0,. Their results indicated the presence of
both cétionic and_anionic specles, but slnce pure Reou_ solu-
tlons gave the same results, the evidence ls not conclusive.
Some adsorptibn on cation exchénge resln was observed for
Tc0,~ solutions in 1-2 N H,S0 and 0.25-0.75 N HNOg 27,35,
but the exchange was 1rreversible and may have been due to
precipitation of TcO, on the resin. _

A technetiuﬁ-phthalocyanin cémplex of unspecified valence
has been used to separate Tc and Re, using thefcopper-
37

bhthalocyanin complex as a carrier Rhenlum does not

form such a complex.

L. vVolatilization Methods
Owing tq the_volatil;ty of Tc207 » technetlum in the_+7
oxldatlon state may be co-distilled wlth aclds. An 1llustra-
tive graph has been given by Boyd et a123.

Perchloric acld. Th;s acld gilves good ylelds and even a

partlal separation from rhenium16’38, but since it oxidizes
ruthenium to the volatile Ruou, a Te-Ru separation in the

distillate 1s required. Glenden1n16 réduced_RuOu to 1n-
soluble RuO2 by bolling the distillate (collected iﬁ'excess
6 N NaOH) with alcohol for 1-2 minutes. The Te and aﬁout-l%
of the Ru remained in the solution. Unfortunate;y, further
separations by solvent extraction of Tcouf are not feasible i1n
this medium, since perchlofate ;nterferes.

Molybdenum is also carrled to a significaﬁt extent, un-

less complexed by phosphoric_acid39’40,

12



Sulfuric acid. In thls medium, a clean separation from
6

Ru may be obtained™ , wlth separation factors of 10° or

better, but the ylelds of Tc .are occésionally very poor due
to 1ts reduction by trace ilmpurities in the acid23’28; Much
more reproducible results are obtalned in the presence of
oxldlzing agents {e.g., Ce(IV), Cr03, etc.], but since Ruoﬁ
distills under these conditlons, 1t has to be removed_in a
separate step such as preclipltation of Ruo2 with alcohol or

formaldehyde16’20.

Some effort should be made to find an
oxldizlng agent that 1s non-#olétile, stable in boiling sul-
furic acid, strong enough to keep Tec 1n the +7 state, yet
not so strong as to oxidlze lower stafeS'of Ru to Ruou. If
Ru contamination 18 not a problem, Ce(IV) may be used to ad-
vantage. It is stable, non-volatile, and changes color on'
reduction.

In ﬁhe distillafion-of sulfuric acld-water mixtures,‘a'

substantlal fraction of the Tc distills wlth fhe low-bollling

aqueous fractlon, possibly as HTcOu. Once the water has been

removed, the distlllation appears to follow a first-order
rate law (Flg. 2), the rate constant depending on the sti1ll
-design and reflux ratlio. To avold contaminatién by spray,
a Kjeldahl head should be used. For optimum reproduclbllity,
1t 1s advisable to heat the flask_électrically, by means of
& heating mantle with quartz fabric insulation.

Sulfurilc acid—hydrochloric acld. When 6 N HC1 is dis-

tilled into 80% H,SO, at 180-200° C, Re volatilizes while
most of the Te 1s reduced to the non-volatile +4 state and
stays behindeo. Separation factors of up to 50 have been ob-

tained by this procedure27.

Other systems. Because of the great differences in vapor

pressures of the aclidse and heptoxlides at low temperatures, Tc
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Fig. 2.

Distillation of TcOy~ from mixture of H,80, (10 m1) and

H,O0 (3.5 ml) in the presence of 0.5 millimoles CrOB.
Dgstillation rate: 0.5 ml/min.
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may be separated from Re by repeated alternating evaporation

41

wlth HNO. and HC1 . The technetium 1n the distillate may

3
be copreclpltated with tetraphenylarsonlium perchlorate.
Technetium heptoxide may be'separated from molybdenum

6,20

trloxide by fractlonal sublimation at 2 300O C Ruthen-

lum and technetium can be separated from basilic solutlon by

: L
distilling RuO}_l in a chlorine stream 2 . “Rhenlum and techne-
tium volatilize 1f the sulfides are heated to 100° C in a

chlorine“streameo, but this reactlon has not been used for

chemlical separatilons.

5. Extraction of technetium 1nto organic solvents
Pyridine. Golshl and Iibby43 found that pyridine ex-
tracts Tcou_ from 4 N NaOH solution with a partition coefficient
of T778. Ger11t15 found a partition coeffiqient of only 39 in

5 N NaOH, and claims that Mo(VI) and Ru(IV) are extracted
to a substantilal deéree. Perrhenate and permanganate are
also extracted under these conditions.

Tetraphenylarsonium chloride. Pertechnetate also ex-

tracts 1nto chloroform in the presernce of tetraphenylarsonium
3 .

lon The equllibrium constant for the reactilon:

+1 - .
[(06H5)uAs 1 aq * TcO, = [(C6H5)4AST004 ]org

1s ~3 x 106. The corresponding constant for chloride is

200 3. At chloride concentrations of 1 M or less, dlstribu-
tion coefflclents as large as 100 can easily be realized at
‘reagent concentrations:of 7 x 10_3'g. In neutral or basic
sulfate solutions the distributlon coefficlents are even more
favorable. Perrhenate and perchloraté follow technetium in’
this extraction, but molybdenum does not lnterfere in basic

solution, and the decontamination from other fission products

15



17

should be at least as good as 1n the precipitation reaction !,
if care is taken to remové ibdine before extractionq Triva-
lent gold as chloro- or bromoaurate is also extracted.and must
be removed by reduction with H,0,, or by distillation.

It 1s advlisable to have sméll emounts of an oxlidizing
agent,'such-as hydrogen peroxilde, preseﬁt during the extrac-
tion, 8o that Tc04_ will not be reduced by lmpurlties 1in the
reagent. Any wash solutlons used should contailn a sufficient
concentration of tetraphenylarsonium lon (about 5 x 10_5 M)

to prevent premature back-extraction of Tcou_ into the aqueous

‘layer. _
The technetlum may be recovered from the organlc phase

by back-extraction into Q.2 N HClOu or 12 N HESOA. In the
latter case, three back-extractlons are required.

Other organlc solvents. Extractlon of Tcou' into hexone,
' 27,32,44

- butex, and other solvents has also been lnvestilgated
None of these extractions wlll separate Tc from Re; but they
mey serve to aeparate 1t from molybdenum and many other ele-
ments. Of pﬁrticular interest are the recent extenslve studles

15 AQ Gerllt 1nvestigated the ex-

of QGerllt and Boyd & Larsogﬁi
traction of Tec(VII), Re(VII), Mo(VI) and Ru(IV) into 21 or-
ganié sblvents, from acld, alkaiine, and neutral solutlons.

In acld sdlution, alcohols, ketones, and tributyl phosphafe.

are the best extractants for Re04_ and.Tcouf;-in basic solution,
ketones and.ciclic amlnes. Many possible separatiqns of Tec
from Ru and Mo may be inferred from hls data. For example, 1in
5 N NaOH, hexone extracts Tc(VII), Re(VII), Mo(VI) and Ru(IV)
with partition coefficilents of 17,.8.2, < 0,001 and < 0.001.
Boyd & Larson conducted an exceedingly thorougﬁ study of the
extractioh behavior of Tcou_ in 34 solvents, and found that

. : .
tertlary amlnes as well as quaternary ammonlum salts gave the

16



laréest partition coefficients. Strongly basic solvents (e.g.
“amines) extract Tc047 as an "-onlum" salt, whereas solvents
of lower basicity exfract elther free pertechnetic acid or

an lnorganic pertechnetate15’45’46. In the former case, the
partition'coefficient decreéses wilth 1ncreaéing salt concentra-
tion, whereas the reverse 1s true 1n the latter CaSe15.

Back-extraction of the technetium into the aqueous phase

may be accompllished 1n several ways. In some cases, a pH
change wlll sufflce; 1n others, displacement bj another anlon
such as perchlorate, nitrate, or blsulfate 1s most effective.
A third posslibllity ﬁas polnted out by Gerlit: the partition
coefficlent 1n a glven. oxygen-contalning solvent may be de-
creased sufflclently by additlion of a non-polar solvent to

permlit quantitativé back-extractlion 1nto the aqueous phase.

Extraction of lower oxidation stétes. It seems that

many new separations could be developed, based on selectlve
reduction of Te(VII) to lower oxldation states. The red
thlocyanate complex of Tc(V)'extracts well into aleohols,

2,15,33

ethers, and ketones » and Into a solution of triocctyl-
phosphine oxlde or hﬂnétylamine hydrochloride in gyclohexane
or l,E—dichloroethanelg. The extractabillity of Te(VI) has
alfeady been méntioned. The TcCl6= lon will extract 1into
chloroform in the presencé of falrly high concentrations of
tetraphenylarsonium ion33, but nothing else seems to be known
.regarding the solvent extraction behavior of the lower oxilda-
tion states of technetium.

The princibal disadvantagé of all extraction methods is
the inevitable introductlon of organlc matter which may re-
duce Tcou_ and cause difficultles in subsequent steps.

6. Chromatographic Behavlior of Technetium

Pertechnetate lon 1s very strongly adsorbed by strong-
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27’36’47’48,'and can be eluted only by

‘base anion exchéngers
1ons with very hlgh affinity for the resin, such as perchlor-
ate and sallicylate. Perrhenate 1s almost as strongly held
(the ratio of distribution coefficlents is ~ 1.6 to 2, 1.e.
comparable to adjacent rafe earths). These two elements may
therefore.be separated by lon-exchange chromatography, but
good separations require some care, and tend to he slow

( 2 3 hours). Even in less delicate separations, such as
Tc-Mo, not ﬁuch time can be galned, slnce the eiution of the
strongly adsorbed Tc 1is bound to be time-consuming. However,
caﬁion—exchange resins adsorb technetium only to a negligible

extent, so that technetlum can be rapldly separated frqm

catlonlc elements.

: Thiocxanate.. Atteberry and Boyd49 separated Tcdu_'and
Re0), on Dowex-2 resin (sulfate form), using an ammonium sul-
fate—fhiocyanate solution at pH 8.3-8.5. The two peaks were
partially resolved, but the cross-dontaminatidn was rather

50

high. Hall and Johns separated technetium from molybdenum,

using Amberlite IRA-400 resin and 0.5 M ammonium thiocyanate.

Perchlorate. Much better results aré obtained 1f per-
chlorate lon 1is used as the elutriant4’33’5l’52. Because of
some pecullariltles of commercial resins, the highest practi- -
cally attainable separation factors of-TcO4_ and ReQy are
104—105. On Dowex-1 (8% crosslinkage), the peak elution
volumes of Reou_ and Tc04— in 0.2 M HC10, are 23.6 T 0.4 and
43.7 + 0.7 free column volumes, respectivelyu-(Fig.-3). They
are-virtually'the same - in ammonlacal ammonium perchlorate
solutions, and are very nearl&‘inversely prbportional to the

flrst power of the perchlordte concentration.

In past work, where speed was not essentlal, flow rates
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Fig. 3. Anlon-exchange separation of perrhenate and pertec netate.u Dowex 1-X4, C10y~ form,
200~-4%00 mesh; 3.5 meq/dry gram. Column: 23.0 em x 0.204 em®. Eluted with 0.1M NHyC1OL;
flow rate 0.75 cm/min, A somewhat better separation could be obtained by using resin of
higher cross~linkage (8-10%) and slower flow rates (0.2-0.5 em/min.).



of 0.2-0.4 cm/hin have generally been used, at perchloratej
concentratlions of 0.1 to 0.25'!! For columns of 10-20 cm
length, times .on the-order of a day are. required. for a separa-.
tiont It should be possible-to-feduce_this time substantially .
by choosing the optimum elution conditions from Giueckauf's
graph853. Molybdehum-is also adsorbed by-anion exchange
_resins, and may be eluted-by'hydroiide52’5g, oxalate5o or
hydrochloric acid55, though in the last two cases, there 1s
some danger of reducing Tc(VII). Separation factors of > 103
should be readily attalnable.

Hydrochlorlc acid. In this medium, the volume dlstribu-

tion coefficlents for Tcou_ on Dowex-1 range from 102 to 103,

according to Kraus et a147. Somewhat-higher values have been

glven by Huffman et'alus. At higher eoncentration, 1t 18 re-

duced to: TcCl6 » which 18 held even more strongly33

" Nltrlc acid. Technetium can be eluted from Dowex-1

with 4 E-HNO3 at reasonable ratesue. At thls concentration,

the volume distribution coefficient is about 20. Huffman
_et.al48 have -developed a separation of Mo and Tec; involving
elution of Mo(VI) by 1 M HC1l, and Te(VII) by 4 M HNO,. - The
only drawback.of this separation 1s the need to recover Te¢

from an HNO3 golution. If the acld 13 evaporated with great

care, losses may be kept quite low, but this step is far

from foolproof.

Paper chromatography. Technetium can also be separated

56

from molybdenum by paper chromatography

and electrophoresis32..

The separation from rhenium is 1ncomplete under most conditions

except when. Tc 1s selectively reduced by HCl 57, HI, or
hydrazine32
7. Electrochemlical Behavipr

Technetium can be electrodeposited as the .dloxide from '
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2 M NaOH 30. A partial separation from Mo and.Re mey be ob-
' talned at a controlled c¢athode potéhtial-of -1.1V 'vs. the.
saturated calbmel'electrode; but the deposition only takes
piacé at technetlum concentrations of 10_'1'L M or greater.

22 95+96 on a

Flagg and Bleldner eléctrolyzed carrier-free Tc
platinum cathode in dilute HéSQu.(pH = 2.36) and obtalned

a 99.5% yleld after 65 minutes at -0.8V vs. the saturated
calomel electrode.

Boyd et a123'have electroplatéd technetium undef a variety
of conditions. Optimum results were obtalned at pH 5.5 in the
presénce of about_lo'3 M fluoride-ion. Ylelds were higher
when copper cathodes.were qsed'inétead of platinum. At a
current density of 100 ma/cme, 89.5 ¥ 1.5% was deposited in
2 hours. However, ylelds of 98-99% were obtained at similar
current densitles even for Pt cathodes, at pH 2 to 5, and
fluoride concentratlons of 5 x 10-3,M,-when plating times of
up to 20 hrs. were used28. _

In 2 N Hesou_cbntaining traces of fluorlide, the electro-

9, which 1s insoluble.

deposlt conslsts of metallic technetium
in ammoniacal hydrogen peroxide. The dloxide plated at lower
acid_concentrations will, however, dissolve in ammonla and

hydrogen peroxide, sodlum hypochlorlte, and nitrlec acid.

IV. DISSOLUTION OF SAMPLES CONTAINING COMPOUNDS °
OF TECHNETIUM . - ‘

When dissolving technetilum-contalning samples, two.pré-
cautions should always be observed. First, 1% 1s essentilal
that acild solutlons be heated only undef reflux conditlons,
to preveﬁt volatilizatidn[losses. _Seéénd, the dissolution
should be done under strongly oxidizing:cdnditions, to ensure

conversion of all lower states to Te(VII). Complications due
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to Blow exchange with carriér, étc,, are less 1ike1y to arilse
for this state than for any other.

Molybdenum targets can be dissolved in nitric acid of _
aqua regla, buf in both cases the.excess acld interferes wilth
many subsequent operations. These complicatlons are avoilded
in the proéedure of Boyd et a123, who dissolve molybdenum
metal 1n concentrated sulfurilc aéid, and oxldize the solutlon
" with H202 after neutralization.

Other materlals can often be brought 1lnto solutlion by
fusion with Na,0, - NaOH fluxes. '

V. COUNTING TECHNIQUES FOR USE WITH ISOTOPES
OF TECHNETIUM
l. Counting .

The.p.-emitting 1sotopes, Tcge, Tcgu, and Tc?gg—Tclo5,
can be counfed'in G-M or p—proportional counters 1n conven-
tional manner. Most of the remaining light 1sotbpes deéay
1arge1y by electron 6apture or isomerilc transition, with the

emlssion of ¢f -rays or x -rays, and can therefore be measured
by f -scintillation or x-ray proportional counters. The for-

mer method is particularly useful. for e 92 (201 kév'Y), e 2om

(141 kev ) and e 96 (several 4's "1n'the..range o.77i-o.842 Mev).
The 1sotope T0978 emits only Mo X-rays in 1ts decay, and

must therefore be counted on-an x-ray ppopoptional,counter.

This 1s also true of Tc97m, since 1ts 97 kev ¢ -ray 1s highly

internally converted, and the coﬁversion-electrons are too

soft to be counted conveniently.

98

presents éomewhat of a problem, since

1t cannot be produced free of 60d Te%?, goa Te™, 2.6 x 105y

“The 1.5 x 106y Tc

Tc97g, and 2.llx 105y Tc99g. Fortunateiy,_it_em;ts two q -rays-
of 0.769 and 0.669 Mev in colncldence with a 0.3 Mev p-, and
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can therefore be counted selectlively in the presence of much

larger amounts of the other 1sotopes.

2. Chemlcal Yield Determination
Technetlum does not have a stable isotope that can be
used as a cerriler, and although thefe arg_many_exgeilent non-
isotoplc carrlers avallable (e.g., insoluble perrhenates and
perchlorates, and the sulflides of copper, platinum, and
rhenlum) the inevitable fractiohatioﬁ between these carrlers
and technetium makes 1t impossibie to obtaln accurate cheml-

cal ylelds.

Fortunateiy, the radiations and half-lives of technetium
1sotopes are sufficlently diverse to permlt thelr use in
yleld determinations. For example, the 604 Td95 héﬁ'been used

9%m

as a yleld monlitor for Tc glnce 1ts principél radiatlion,

a 201,keV4Y_ray interfered but slightly with the counting of

58. Moreover, the-degrée of

the 140 kev # ray of the latter
interfererice could be easily determined and corrected for..
Other 1sotopes that may be useful for yleld determinations. .
are 6h Té99m, which emits only the previously-mentloned 140 -
kev v ray, and soft converslon electrons; 2.12 x 105 year
Tc995, a pure . B -emltter with E ox = 0-29 Mev, and:91d:Tc97m,;
which emits only Tc x-rays and a highly 1nterna11y:convertéd

q ray of 96 kev energy.

In each.dase,,the.chemical yield -of the. "yleld monitor".
may be détermined'by selective ‘counting, ‘before or after thé
decay of the principal activity. .In the'caée of T099, cheml- -
_cal analysls by .co-l-orimet‘ric2 or.other methods 1is-possilble,
but even for this-long-lived 1sotope, the‘specific_activity

4 1

i1s so high (3.78.x 10'd min~ ugil), that :the amounts ‘likely
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to be used for yleld monitoring can be measured more &ac-

curately by p-counting'than By_chemical methods.

VI. Collection of Detalled Radiochemlecal Procedures for Technetium

Procedure 1

Source - G. E. Boyd, Q. V. Larson and
E. E. Motta, JACS 82, 809 (1960) .

6

" Isolation of T095m +:Tc9 from Mol&bdenum

1. introduction
This is probably the best, thoﬁgh not the fastest, proce-
dure for separgting Tc from a molybdenum target.' It.involves
separat;on of mél&bdenﬁm by anidn eichange chromatogfaphy.. If:
a sepgration ffoﬁ rhenium 1is required; either Proced. ;4 6r.14

may be used subsequently.

‘2. Procedure .

The molybdenum target was dissolved in concentrated H2304
under reflux, the acid was neutrallzed with NaOH and the solu-
tion was treated with_Hzo2 to oxidize -technetium to Tc(VII).
Thls alkalilne solution'was passed through a small column of
anion exchanger (Dowex-1,21 x 50 mm.) which absorbed the per-. . -
technetaté ion complefely. Resldual absorbed molybdateiwas re-
moved ﬁy elution with 1 M K20204 solution, ande after a.water
rinse, the technetlum was eluted with 1.0 N H0194- A concentra-.
tion of the technetium activity was effected.by'preéipitating
CuS from the acld. 'Subsquently,'the.sulfide.was dissolved in
-alkalline hydrogen peroxide, and the copper was removed by
passing the resulting;solution through a microféolumn-of cation-
exchanger (Dowex-50). .The technetlum contalned in the effluent

was electrodeposited onto a platinum cathode, dissolved in

ammonlacal hydrogen peroxide, evaporated to dryness in a platinum
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Procedure 1 (Continued) -

dish and the resulting ultra-micro quantities of'NHuTcou'

were made to 5 ml. volume 1ln a volumetrilc flask.

Procedure 2

.Source - §. Tribalat J. Beydon, Anal
Chim. Acta _, 22 (1953)

Separation of Technetium from Molybdenum
l. Introduction

This procedure 18 based on ‘the extraction of pertechne—
tate into chloroform in the presence of tetraphenylarsonium
.lon. It 1is fast and gives good separations .In order to keep'
the reagent concentration in the filnal solution as low as pos-

s8ible, the extraction is carried out at R = 5x10 -5 M.

2.' Procedure

Ten grams MoO, are dissolved in 20 ml H 0, containing

3
0.1 g Na,5,0g and the minimum amount of 10 N NaOH. (Note 1).

The pH is adjusted to 10~il by additlon of NaHCO if necessary,.

3.!
the solution is made 5 x 10 =3 M in tetraphenylarsonium ion,
and 1s shaken with 50 ml freshly purified CHCl3.for.5 min.

The distribution coeffilclent is about 15,

The organic layer is filltered - through filter paper
moistened with . chloroform, dried wilth NaQSOu, refiltered, and
washed with 30 ml very dllute NaOH (pH 10-11). The solution
18 reflltered, and the technetium 1s recovered from the or;_
ganlc phase by prolonged shaking with water. :In general, no
more than.15% of the Tc should remain in the chloroform and

the flrst wash.



. Procedure 3
Source - J. Flegenheimer and W. Seelmann-Eggebert,

Proc. Intern. Conf. Peaceful Uses of Atomic
Energy, Geneva, 1955, 7, 152 (1956)

102 o2

Separation of Te and Mo*

_ 1. introduction
This 18 the fastest known procedure for the separation
of Tc and Mo. It is'baSed on preclpitation with tetraphenyl-
arsonium lon. The yiéld is not,Quantitétive,_and the separa—'
tlon 18 not complete; but the-samplé can be counted within 5-6

seconds after the séparationp.

2. Procedure

The lead molyﬁdéte sample 18 dissol#ed in &8 mixture of
tartaric and Hf&rochldric ac}ds in the presence of ReQ
carrier. (Note_l). The solution is transfered_to'a Biichner
funnél with deta#hable:top, fitﬁed.with a membrane.filter and
mounted on a filter flask}v Tﬁe eﬁtire assembly 1s placed
directly below é GM Eounter. Tetraphenylarsonium chloride
solufion is added,_and the suction ié turned on. As soop,as
the solution has drailned, the sample may be_cbuntgd.

Note 1. The tartaric_acid complexes the molybdenum,
thereby preventing 1ts_prec1p1tgtion.. It.wouid séem that an
even cleaner Eeparatiqn mighp be obtalined from an ammonigcal

ammonlum tartréte solution.



Brocedure-4
Source - R. N. Sen Sarma, Edward Anders, and
J. M. Miller, J. Phys. Chem. 63,
- 559 (1959)

Separétion of Technetlum and Rhenium by Anion
. ' Exchange '

1. Introduction
Technetlum and rhenlum are separated by elutlion with
perchlorate lon. Separation factors of up to 105 are possible,

but the method 1s slow (2 hrs. - 2 days). Any strong-base anlon
exchanger may be used.
2. Procedure

The solution containing Tcou_ and Reou_ is concentrated
to as small a volume as possible, and i1s adsorbed.on_an anion
exchange column in the perchlorate form. The column should be
8o large that 1t 1s saturated to no more than 5% of 1ts capa-
clty, and the 1ength/d1ameter ratio should be at least 30.
The resin partlcle slze should be chosen so as to gilve flow
rates of 0.2 - 0.5 cm/min. At lower flow rates, "talling"
iﬁcreasea, and at hlgher flow rates, the beaks broaden ex-
cesslvely.

After the sample solutlon, followed by two rinses of 3
column volumes of water, has flowed through'the column, the’
top sectlon of the c¢olumn 1s rinsed very thoroughly, to pre-
vent contamlnation of the elutriant wlth any rhenium thaf
might have.adhered to the walls. The elutlion 1s then per-
formed with 0.1 M HC10, or NH)C10,. For Dowex-1XB resin, the
peak elution Qolumes of Reou_ and Tcou— are about 43 and 82,
reapectively, éo that a cut should be taken at about 60 free
column volumes.

' The technetlum can be recovered from the perchlorate
solution by electrolysis, by a sulfide precipi_tationJ or by

reduction to the +) state and coprecipitation wlth Fe(OH)3.
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Procedure 5
Source - E. Anders

Separation of Tc99m from Mixed Pile
Activitles

i. Introduction
Thlis procedure comblnes solvent extractlon by tetra-
phenylarsonium ion (Procedure 2) with a distillation step. It
is fairly fast (3 hrs.), and glves decontaminatlon factors
greater than 104 for all éile—pfoduced actlvitles, except
rhenlum. Ylelds are 50-80%. It can be modifled to give a
separation from rhenium by adding an anlon exchange step

(Procedure 4), or a TcO, coprecipitation with Fe(OH)3 (Proce-

2
dure 14).

The samples used in thls procedure were water-soluble
concentrates that had been lsolated from minerals suspected

98

to contaln a long-lived Te isomer (cf. Proceduré 7). A

molybdenum fraction was always separated to determlne the con-

99m 99

tributilon, if_any, of Te grown from Mo to the observed
Tc99m activity.
_ 2. Procedure .

(1) The sample is dissolved in 3 ml 2 N NH; containing the
following holdback carriers: 2 mg Mo(VI), 1 mg W(VI),
0.5 mg of Sb(V), 1 ug each of Au(III), As(V), 2Zn(II),
Cu(IXI), Ge(IV). (Note 1). Enough 30% H,0, 1s .added to
convert all Mo to the red peroxymolybdate. The solution
1ls heated on a water bath for 10 minutes, to ensure ex-
change wilth the carriers.

(2) The solutlon 1s.cooled and transferred to a 30 ml Ultra-

| max separatory funnel with teflon valve. Enough tetra-

phenylarsonium sulfate solution (Note 2) is added to gilve

a final molarity of ﬂAAs+ of ~1073 (about 10 drops of

28



(4)

(5)

(7)

(8)

(9)

Procedure 5 (C ontinued)

2

a5 x 10~ N solution 1s required for a sample volume of

5-10 ml), 7 ml of CHCl, 1s added, and the technetium is

3
extracted lnto the chloroform.

The chloroform layer is transferred to a second funnel,

that 1s 10_4

and 1s washed wlth 5 ml 0.2 N NH
(ﬂuAs)ESOM' (Note 3).

The chloroform layer from the preceding extractlon 1s

3 N in

tranaferred to & third funnel, and 1ls contacted with
5ml 1 N H,S0, that 1s 1074 N in (@y48),80,. The
chloroform layer 1s transferred to a fourth funnel.
(This step and the followlng one may be omltted if a
8lightly lower yleld cah be tolerated.) The agueous
layer from Step (2) 1s agaln made 1073 N in (ﬂuAs)esou,
and extracted with 7 ml CHCl3.
The chloroform extract from Step (5) is successively

contacted with the wash solutions from Steps (3) and

(4), and 1s then combined with the chloroform layer from
Step (4). '

The comblned chloroform extracts are shaken with three

7 ml portions of 12 N H,S0, (Note 4). For a more com-
plete back-extraction of the technetium, 1 drop of

0.2 E.H0104 may be added to each 7 ml portlon of H2SOM.
To remove any chloroform droplets, the comblned aqueous
layers are flltered through coarse, moist fllter paper'into
& distllling flask with gilr ilnlet tube. About 1 gram of
cerlc sulfate 1s added to the solutlon, along with one
drop each of 0.2 M KBr and 0.2 M KBrO3.

The solution 1s heated to about 80° ¢ for 10 min. while
bubbling a stream of nitrogen through it. This should

volatilize any bromlne activity.
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Procedure 5 (Continued)

(iO) Glass beads are added to the flask, a condenser with a
KJeldahl trap 1s attached, and the solution 1s distilled
to near dryness at & rate of 1-1.5 ml/min. (Note 5).

(11) The distillate is cooled in ice, 3 mg of cut carrier 1s
added, and the aciditylis adjusted to 1 N by slow addl-
tion of conc. NH3f

(12) Thioacetamlde 1n 5% solution 1s added to glve a concen-
tration of 0.5%, and the solutlon 1s heated to Just below
boiling for 40 min. (ﬁote 6). & wetting agent {e.g.
Schlelcher & Schuell Anti-éreep) 1s added, and fhe solution
1s filltered through a coarse membrane fllter. (Note 7).
Note gl). Antimony and tungsten holdbacks are added in
larger amounts slnce these elements tend to contaminate.
fhe molybdenum fractilon.

Note (2). -Tétraphénylarsonium sulfate can be prepared
from the chlorilde by passihg a 0.05 N solution of the
latter through a Dowex-1l column in the sulfate form. This
conyersion 1s desirable to prevent Interference by dhloride

1n the subsequent .distillatlon.

Note (3). Some tetraphenYlarsonium lon must be-preagnﬁ in
the wash solutlons, to prevent back-extraction of the

technetlium.

Note (4). The principal remalning impurltles at this
point are Au (extracted ﬁs chloro- or bromoaurate) and

Br., Both will carry on a sulfide precipitaée éven in the
presence of holdbacks, and must therefore be removed by
distillation. However, 1f they are khown_to be absent,
the back;extraction can be done much more effib;ently_into

0.2 N HC1Oy, in which case the technetium 1s isolated by
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Procedure 5 (Continued)

. a sulfilde precipitatioﬁ; The perchloric acid solutilon
cannot be distilled safely, owlng to its content of:
organic matter. o '

Note (5). - To prevent bumping, nitrogen should be bubbled
through the solution. An electric-Heating mantle wilth |
quartz-fabric insulatlion may be used to advantege.
Note (6). In 1N H+,'ﬁechnetium can normally be quanti-
tatively coprecipiltated ﬁith Cus 1n.20-m1nutes;“butyin
the presence of ‘large .amounts of ammonium .salts, the
reaction ls somewhat slower.
Note (7). ' Normelly, the précipitate is readily filter-

" able through ordinary filten'paper, but membrane filters

6ffer better fetentivity and speed.

Procedure 6

Source - &. E. Boyd, Q. V. lLarson, J. Phys. = . .
Chem. 60, 707 (1956) g B

Isolation of Long-lived Tc from Mineérals

1. Intféduction '

This procédure was used:in ﬁ.searéh fdr.iéﬂé?iived Te in
nature. It should be adaptabie ﬁazthe'isdlaﬁionIdf'tééhnetiuﬁ
from various materials. R ' .
S o ' 2. Procedure
The mineral (MoS; or yttrotantalite) was fused with the

'five;fold amount of Na20 1n5a zirconium or iron crucible.

2
Fusions were conducted with 25 g. allquots of ore in iron and -

with 1-10 g. aliquots in zirconium crubibles. In nearly all
' 96

cases'rr-emitting radioactive technetium (usually 4.2 d Tc
+ 604 T095m) was added to the ore to permit the monitoring

of the chemlcal processing at every step.
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Procedure 6 (Continded)

‘The fusion mixture was dissolved in water, and the solu-
tion trouéht'to'boiling'and'diéested to destroy residual per-
oxide..'Upon coollng to room temperatures, ferricfhydfoxide'
from iron origlnally present'in the ore and mailnly from the
corroSion.of'tne iron crucible was then dllowed to settle. .
Separate tests using radlo-tracers showed no technetium was
lost bj coprecipitation with_iron'hydroxide. After flltering
to reﬁove the:ifon,_volumes'ofIsolution:ienging from 1 to 45
liters were passed through & 9.6 cm. by 22 cm. deep bed of
8trong-base anlon exchanger (viz.;.DQWex—e'or Amberlite IRA
410) which extracted all of the technetium.(ss proued.by o
trecers),'the rhenlum, and a small part'of'the molibdate, sul—
fate or ruthenate, etc., also formed by the oxidizing, alka-
line fuslon. Cationic constituents such as Na, Cu, Ni, etc.,
passed through the resin bed Molybdate and other anions were
eluted with 1 M NaNO3 at pH lO or with 2 N NaOH solution after

rinsing the bed with distilled water.

After a second water rinse, both perrhenate and pertechne-
tate were displaced quantitatively with 2 N NaCl0, or 2 N |
HClOu._ Tne eluent solution usually oontained approximately_
5-10 mg. of-rheniun, and microgram or smaller quantities of
technetium, although sometlimes as much as one gram of rhenium
was present. After acidification (if necessary), the eluate
was heated, treated uith bromine water to oxldize any reduced
technetium, and_then treated with HES'gas to piecipitate rhen—
lum . and technetium sulfides. Quantitatiue'ooprecipitation of
technetium was insured by digestion at 900, then the rhenium
sulflde was separated by filltering, dissolved with ammonia and

hydrogen peroxlde and the .solutlon evaporated to near-dryness

32



Procedure 6 (Continued) .

on a steam—bath. This:residue:was taken up in 10 N HC1l, the
solution heated for one hour, and rhenium sulﬁide agaln pre-
ciplitated with hydrogen sulfide, ,Technetium,is not copreci-
pltated under these conditions,_and remains in the supernatant_
acid solution After filtration, this supernatant was diluted
to a concentration of 1N, heated treated with bromine water,
and then wilth hydrogen sulfide to precipitate residual frac-
tional milligram quantities of rhenium together with_technetium :
which 1s again.coprecipitated. One or more_of these.cycles -
gerved to give a considerable reduction}in the‘amount of rhenium.

Further reduction of the rhenium content of the teohnetium ‘
fraction was acconplished.by use.of ion—exchange chromatography
using a 0.78 cm. by 30 cm. deep bed of lzb—EOOImesh,strong—base
anlon exchanger, Dowei—e The final rhenium sulfide precipi-
tate mentioned above was dissolved in ammoniacal hydrogen per-
oxlde, and the pertechnetate and perrhenate ions in this solu-
tlon were absorbed on the top of the.bed. The chromatographic.
separatlion was performed using perohlorate solutions as eluents
at flow rates averaging less than 0.5 ml/min.. Fractlons con-
talning the technetiun were combined, made 1 N 1ih HC1, heated
and treated_with bromine, and then'one mg. of copper was pre-
cipitated as copper sulfide. This "technetium concentrate"” was
processed as required by the variocus assay methods: (1) For
spectrochemioal analysis, 1t was dissolved 1n ammonla and hydro—
gen'peroxide and the technetium electroplated on to the ends-
of l/ﬂ—inch diameter cylindrical copper electrodes after adjust-

ing the solution to approximate neutrality and adding fluoride
ion to asslst the electrodeposition. (2) For spectrophoto-

metric analyslis using a Beckman Model DU spectrophotometer,

the copper sulflde was dissolved 1n ammonlacal peroxide, then
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Procedure 6 (Continued)

' copper was removed by passage through a.small cation-exchange
column'(Dowei—SO).and finally the solution was evaporated to

a volume of'one'ml._ (3) For polarographic analysis the treat-
ment was the same as for (2), except for the omission of the
evaporation step. (4) Por activation analysis the CuS was
carefully wrapped in pure'polystyrene.foil and-irradiated'for
six hours with neutrons after which 1t was dissolved in ammo-
niacal peroxide, treated with a cation exchanger to remove
copper and other activated cationic impurities, chromatographed
on &a small anion exchange column (Dowex l) to obtain a pure
technetium fraction, and then examined with scintillation
spectrometer for the bresence of the characteristic 141 Kbv

99m activity (5) For mass spec- '

/ -ray of an induced 6. O h Te
trometric analysis the CuS was dissolved and copper was removed-
as before, then the technetium was electroplated onto iridium
and finally reduced to its metal in hydrogen gas at about 400
In all cases above Just preceding the assay step the amount of
initially added technetium radio tracer was determined to per-

mlt an estimate for the "over—all" chemical yield, or recovery

for the separation from the starting materilal.



“Procedure T
Source - E. Anders

Isolation of Iong-lived Tc from Mlnerals

1. Introduction
This procedure was used in a search by neutron activa-

tion analysis for long-lived 198

in natdfe. Iﬁ was primarily
designed for chromlte, columbite, and other non-silicate oxide

minefals, but can be adapted to a variéty of materials.

o 2., Procedure ‘ _
_ Fifty graﬁs of the finelj powdered (-100 mesh) mineral
was fused wifb 100 grams of NaOH gnd Lo g:ams_of Ngé02 for
20-30 min. 1n a covered nickel crucible. Mpre N=&,.0, was added,

272

1f necessary, to ensure the oxidation of Mn to Mn04=. _The melt
was poured on a steel plate, qooled, tranéferred to a ﬁeaker,
and dilssolved with mechanical stirring by addition-of 250 g of:
ice. Care was taken to have an excess of MnQu= present_at all_
times to ensure oxidatlon of any TeO, to TcOy . If required,
KMnOu was added.

The solutlon was centrifuged, the residue washed_twiqe
with 50 ml portions of_HEO, and the cpmbined solutions recentri-
fuged. _The centrifugate was adjusted to about 1F NaOH by ad-

dition of 12 N H,S0,, and Na,0, was added to reduce Mn0,~ to

2%
Mn02. The solutlion was heated to.qoagulate the precipitate,.

and filtered. The filtrate was neutrallized with 12 N H,S0),

and refiltered to remove small amounts of Zr, Pb, Sn, Nb, Ta,

T1, Si, W, and other elements precipitaﬁed under these conditioﬁé.
The acldity was adjusted to 1F H+,.20 mg:of.Cu2+ per liter of
solution was added, and copper sulflde was precipitated by
bubbling HQS through the hot solutilon. After a digeﬂtion;time

of 2 hrs., the solutlion was filtered through a coarse membrane
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Procedure 7 (Continued)

filter, the precipiltate trénsferréd tb a 125 ml distillihg

flask, and dissolved in 1-2 ml conc. HNO3

stou, 10 ml 85% H3P04; and 2 g Qé(SOA) were added and the

Twenty ml of conc

flask cdnnécted to a distiiling'apparatus equipped for steam
distillation. The heat was adjusted so as to glve a distilla-
tion raté of 0.5 to 0.8 ml/min, and the temperature of the solu-
tion.measured at frequent intervéls. The ffaction distilling
below 210° C, contalning néarly all of the excess HN03, was dis-
carded. Steam was passed through the solution as soon as the
temperature had reached 2300, and the distillatidn continuéd be-
tween 240 and 260° until 75 to 90 ml had distilled over. An
aliquot of the distillate was titrated against NaOH,.and the
acldity adjusted to 1-1.5 N ol by additlion of stou. Two mg of

2+

* : : :
Cu carrler was added, the distlllate heated to about 80° on

the steam bath, and the sulfide precipitated as before. The
precipitate was flltered through a fritted glass funnel and

dissolved 1n a 5:1 mixture of concentrated NHuoH and_H O Be-

cause of the rapld catalytic decomposltion of H202 by Cu2+

the solvent was added in 0.05 to 0.1 ml portions, and the
. _ o o
solution removed by suctlon before adding fresh solvent
The solution (2-3 ml) was heated on the steam bath until

. * X %x
most of the NH, had evaporated » cooled, and acldifled with

3 _ .
6 N H2504, to give a filnal acldity of 0.1 N gt. This solution

* .
Specilally purifled.

3
In the presence of large amounts of rhenium, some unreacted
sulfide usually ran through the filter during the dissolutilon.
In thls case, the solution was heated to coagulate the sul-
fide, and refiltered.
E¥¥

The heatilng ensured the conversion of sulfo salts to TecO
Tracer experiments indicated that if thils step 1s omitted,
losses of » 30% can occur due to differences in the chemical
behavior of the twn specles. .
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Procedure ‘7'(Coatinued)
was heated on the gtegm bath for 10 minutes*, cooled, and
transferred to a Dowex 1-XB (200-400 mesh) anion exchange
column of abput 18 Qm_léngth, previous;y copvertgd.to the
Clou_fform.- The separation was_performed accbrdiﬁg_to Prace-
dure 4. The'e:fluent was acidified.with H, 50, to give a_fipal
acldity of 1 N H+, 0.5 to 1 mg Cu2+ was added, and CuS preci-
pltated a8 in the previous step. Another complete anlon ex-
change cycle followed at this_point. The éulfide from this
cycle ﬁas dissolved in NH3 and H202 aé.before, and separated
from Cu2+ by passing the solutlon through a quartg lon exchange
column (0.2 cm® x 8 cm) filled with Dowex S0W-X8, 200-400 mesh,

ammonlum form. The column was rinsed with-a_ml 2 N NH the

_ 3’
combined effluent was reduced 1n volume, transferred to a
quartz vlal and evaporated to dryness under vacuum. The vlals
were then scaled and 1rradlated. After lrradlation, the

samples were processed as 1n Procedure 5.

* . . : _
This step was needed 1n order to remove CO,» and NO (from

NO>~ formed by oxldation of NH3 by H202). %therwise, the gases
were llberated 1n the anlon exChange column, causing channeling
and consequently poor separation. i

Procedure 8

Source - E. Jacobi, Helv. Chim..Acta
31, 2118 (1948) -

Separation of Technetlum and Molybdenum

_ 1. Introductlon
This procedure,_which.is-adapted froﬂ'the 1939 paper of .
Perrier and Segré, glves only moderate separatioh factors,
but it 1s feirly rapid (40 min.) and gilves good ylelds (70%).

Molybdenum 1s precipltated with,B—hydroxyquinoline, and the
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Procedure 8 (Continued)

technetiﬁm in the.filtfate 1s coprecipitated ﬁith coppéf
sulfide. | | l
2. frdcedure -

Précipitate molybdenum.with 85hydronyu1noline from
neutral Solution, filtér;'énd make the éolution 0.6 M 1n H01 
(total volume 50 ml).' Add 0.3—2 hg cu*t carrier, heat, pass.
H2S Into the solutigﬁ for 15 min.,filter; and wash the pre-

clpltate with H

28 wa#er.

Procedure 9
Source - K. T. Bainbridge, M; Goldhaber,
E. Wilson, Phys. Rev. 90, .
430 (1953) '

Separation of Tcggm_from Mo99

1. Intrbducfion
Thls procedure 1nv§1ve3'co—diétillation of technetium
with perchloric acid. Ruthenium and rhenium will also diéfill
under these conditions; but molybdenum will-hot,-if suff;cieﬁt

phosphoric acld 1s present.

_ 2. Proceduré

Molybdenum metal 1s dissolved in a mixture of HClOu and
H3P04. (The phosphoric acid complexes Mo_gnd prevents 1its
distiilation.) Technetium 1s aistiliéd in an air stream at
120—200O C, and the distillate 1s éollécted in water or dilute
stoh. The fractlon distilling below 120° C may be diliscarded.
The distillate 1s redistllled in the présenbe of Mo holdback
carrier, and the 120-200° ¢ fraction 1s agaln collected. The
technetium can be recovered from the distillate by electrolysis

at pH 5.5 or by sulfide precipitation. -

38



Procedure 10
Source - J. B. Gerlit, Proc. Internat. Conf.
Peaceful Uses of Atomlc Energy, QGeneva,
1955, 7, 145 (1956)
Separation of Technetlum from Ruthenlum,
Rhenilum and Molybdenum
1. Introduction
This pr0cedure has been récdnstructed by the author from
g brief statement in Gerlit's paper. It makes use of the fact
that neilther TcOu_ nor Reod'extfact into mixtures of halo-

genated and oxygenated sol#ents; even though they do extract

into pure oxygenated solvents.

2. Procédure _

.Mﬁke'solution'S E.in.NaOH and extract wifh equal voiume
of hexdnea(methyl-isobufyl ketone). The distribution coef-
ficients.are: TcOAf = 17;.ﬁé64; = 8.2; Mooué < 0.001; .
Rd(IV)-<.0.001.' Wwash with 5 N NﬁbH.as required.

Diséard aqueous 1gyéf'ahd-é§d enoﬁgh CHCl3 to organic
phase (amount nof given) to.pefmit quaﬁtitative back-extrac-
tion of Re04_ and TcOu_ into water. -

‘Make solutlon 2 E'in'Hésoﬁ, reduce Tc wlth hydrazine to

+4 state, and extract Réou_ into iso-amyl alcohol.
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Procedure 11
Source - V. I. Spitsyn, A. F. KuZinaj
Doklady Akad. Nauk SSSR'124 :
846 (1959)

IsolatiOnlofchgg from Molybdenum

1. Introductlon
This procedure 1s based on the fact that -Tc(VII.)'will
coprecipltate with MgNHhPOu, whereas 1ts lower oxldation
sﬁates will not. It 1s rather original in-several'respedts,.

but should probably be tested more fully. -

2. Procedure

The lrradlated MoQO, 1s dissolved in ammonia, and the

3
technetium 1s coprecipitated. with MgNHuPou and MgHPOu, The .
precipitate 1s dissolved in 6 N HC1l, and the:teéhnetium is
reduced to the +4 and +2 (sic) states by p£ss1n5 Has,intq_the
solution for some time. The solutiqn 1s then made basic with
ammonla, and the resulting MgNH4P04 preciplitate 1s discarded.

The filtrate is evaporated to dryness and the ammonlum chlor-

ide 18 sublimed off. (Note 1).

The resldue contalning Tc 1ls taken up 1n HNO3, the pH 1s
adjusted to 2, and the solutlon passed through a cation ex-
changer (KU-2). Technetlium, belng 1n an anionilc state, passes.

through the column,

The solution 1s evaporated to dryness 1n a qdartz boat,
and the ammonium nitrate is volatilized at 180° C. The resi-
due is dlassolved in 2—3 drops of ammonlacal hydrogen peroxide,
. evaporated to dryness, and taken up 1n_4 ml 4 M HC1. Techne-

tlum heptasulfide 1s then precipitated'from this solution.

gNote 1l). This step presumably requires careful tempera-

ture control, to prevent losses of Tc.

ko



_ Procedure 12 _
Source - E. H. Huffman, R,_L.JOSwalt, L. A.
Williams, J. Inorg. Nucl. Chem. 3,
© 49 (1956).

Separation of Technetium and Molybhdenum by Anlon
' Exchange

1. Introduction
This. procedure gives a fairly simple and rapid lon-
ekéhange separation of technetium and molybdenum, using HCl
and HN-O3 as elutriants. The methqd.pf'recovery ofntechnetium
'frdm the niltric acid solutlon 1is not.foqlproof, however, and

may lead to losses.
2. Procedure

Molybderium and technetium in 0.5 ml of 1.0 M hydrochloric
acid were added to a column of resin (Dowex-1, 250-500 mesh,
c1” form) 3 mm In dlameter and 21 mm in length. When the 1évels
6f liquild had just reached the top of the resin, elution was
continued with 8 ml of 1.0 ﬂ'hydrochloric acld, at the rate of
1 ml in 15 minutes, to remove molybdenum. .Techﬁetium was then
removed from the column with 8 ml of 4.0 M nitric acid at the
same rate of elution. The total-molybdenum recovered 1n the
first 4.0 ml of hydrochloric acid was.l00% of the amount used
and the recovery of technetlum in the first 4.4 ml Qf nitric |
acld was 98%. For some reason, 0.1% of the technetium activ-
1ty appeared in the first milliliter of hydrochloric acild with

.the molybdenum, but no more appeared 1n the next 7 ml.
The samples were evaporated to drynegs on platinum count-

ing platés.
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Procedure 13
Source - John Q. Adams and E. Anders (unpublished)
:See also N. F. Hall & D. H. Johns,
_ JACS 75, 5787 (1953) :
Separation of Technetlum and Molybdenum by Anion
Excharige ’
_ 1. Introduction _

In stnongly baslc solution, molybdenum is only weakly
held by the resin, e.g., in 3 M NaOH, D = 12 (D = amt. per g
of dry resin/amt. per ml of solutibn). For Tcou_, D 18 on the
order of 103; Bo that a clean separation can easily be ac-

complished.

_ ' ‘2. Procedure

The ﬁasic solution containing Tec and Mb in their higheét
oxidation states 1s adsorbed on the columﬁ (Dowex 1-x8, 200-400
mesh, OH form), and the molybdenum 1is elufed wlth 25-30 ffee
column volumes of 3 EINaOH{ The mblybdeﬂuﬁ peak shbuld.appear
at aboﬁt 15 free column volumes. .The téchnetium is fhen '
stripped with about 15 column volumes of 1 M HC10,, or NHHCIOA:'
The first 3-4 column volumes should not contq1n3aﬁy Te and may
be discarded. If a separatioﬁ from Re is:deairéd, the elution
may lnstead be carried out wlth d.l - 0.2 !_0104—.do;ﬁtiona
(Procedure 4 ){- - . . |



Procedure 14
Source - J. B. Gerlit, Proc. Internat. Conf.
Peaceful Uses of Atomlc Energy, Geneva,
1955, 7, 145 (1056}

Separation of Technetium and Rhenlum

1. Infroduction

This appears to be oné of the fastest_procedures for the
separation of Tc¢ and Re. It 1s based on the reduction .of
Te(VII) to Te(IV) by strong.HCI, and coprecipitation of Te(IV)
by Fe(OH),. )

2. Procedure
Dissolve sample in a small volume of conc. HCl and heat
to about 75° C for one hglf hour.. Add ferric ;on, dilute the
solution somewhat, and precipltate Fe(OH)3 with ammonia. Weash
the technetium-contalning preciﬁitate thoroughly with-a: _
hydrazine sulfate solutlon, disadlve'in a small amount of  conc.
HNO3 [thereby oxidizing Tec(IV) to Te(VII)] and remove.the iron

by another ammonle preclpltationm.

Procedure 15 -
Source - L. E. Glendenin, Natl. Nuclear Energy
' Ser., Div. IV-9, Paper 259,
1545 (1951)

Separation of Technetlum from Fisaion Products

1l. 'Introduction

This procedure lnvalves &a sulfuric acid distillation and
coprecipitation with tetraphenjléraonium perrhenate. it gives
excellent decontamination from Ru and Mo, but several of the

steps afé tricky, and should be revised.
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Procedure 15 (Continued)

2. .Procedure
Step 1. TQ 5 ml of an actlve uranyl nitrate sample, add
10 ml1 of conc. HBr and evaporate almost to dryness. Repeat

the evaporation with HBr twice. _ ]
Step 2. Transfer the resldue completely, with a minimum

amount of water, to a distlllation flask. Add carefully 10 ml
of HQSOA. Heat gently to bolllng and distill into a 50-ml
centrilfuge tube contalning 20 ml of water untll less than 2 ml

of H,S0, remains in the flask (Noﬁe i).

Step 3. Add 10 mg of rhenium carrier to the distilllate,
heat nearly to bolling, and safurate with HES for 5 to 10
min with continued heating. Centrifuge, and discard the Bsuper-
natant solution. -

Step 4. Wash the Re,S, with about .10 ml of Héo and dis-

277
solve by heating with 1 ml of conec. HNO3. Add 5 ml of conec.
HBr and evaporate neérly to drynees. Repeat.the'évaporation

first with 5 ml of HNO, and then with 5 ml of HC1 (Note 2).

3

Step 5. Dilute the residue to 20 ml with H,0, add about
2 mg of iron carrier, heat, and add NH,OH until F'e(OH)3 is
Just precipitated (Note 3).

Step 6. Centrifuge, and discard the Fe(OH)3.precip1tate.
Repeat the scavenglng by a second additlion of about 2-mg of
iron carrier.- Centrifuge, and dlscard the precipitaté.'

Step 7. Heat, and add 1 ml of 0.05 M (CgHg);AsC1 to
precipitate (06H5) yAsReO, . wash three times with 5 ml of H,O,
dry at 110° C for 10 min, welgh and mount.

fNote-l! Ir rgducing substances are present in the stou,
ylelds wlll be low. 'Uhfortunately, atrong oxldlzling agents
cannot be added, since they wlll oxidlze Ru to Ruou,'causing
it to distill.



Procedure 15 (Continued)

(Note 2) The evaporations with HNO, ard HCl are likely to

3
caupe -losses. It would be better to. .remove 1od1ﬁe'by solvent
extraction instead (Procedure 16).

gNote 3! It 1s imperative that Tc be in its highest oxilda-

tion state in this step, so that it wlll not carry on Fe(OH)a.

Procedure 16

Source -~ S. Tribalat, J. Beydon, Anal. Chim.
Acta 8, 22 (19533’ :

Separation of Technetium from Fission Products

1. Introductlon
This_procedure involves extragtion of pertechnetate into
chloroform in the_presence of tetraphenylarsonilum lon.
Dissolve U0, in H SO, containing a few ug of I holdback.
Add S2Q8= and extract.12 into toluene. Heat solution to boll-

ing to remove traces of I,.,.neutralize wlth (NHu)zc » add more

2 O3

S,0g” and heat to boiling. Extract TeO, into CHC1, at

R = 10_4 M. Other filssion products do not seem to interfere.
The technetium can be recovered from the organic phase by

back-extraction into HC10, or stou (Procedure 5) or by evap-

oration to dryness.

R



Procedure 17
Source. - @. W Parker, U.S.”Atomic Energy Comm.
Report ORNL-1116 (Jan. 29, 1952),
) pp. 26-30 _
Isolation of Te2? from Mixed Fission Products -
("Redox" Waste)
1. Irntroduction
This process 1s deslgned for large-séale separatlion of
Tcg9 from mixed fission product wastes. It lnvolves copre-

clpitation with tetraphenylarsonium perchlorate.

_ 2. Procedure _

To 100 éalloné solution éontaining 1 g Te(VII) is added
17 g HClOu carrier. The solution 1s heated, an excess of
. tetraphenylarsonlium chloride 1s added, and the precipltate
1s filtered after cooling. The mixed perchlorate—pertechne-
tate precipltate 18 dissolved l1n ethyl alcohol, the solution
1s passed through a strong-base anlon exchanger in the _
chloride form, and the gdsorbed pertechnetate elgted with
about 10 free column volumes of 2 N HClOu._

Alternatively, the precipitate can.be dissolved in :
cone. H2SO4. The technetilum can elther be co-distilled with
the acid, and preclpiltated as the sulfide,.or sepafatgd as
the dloxide by electrolysis between bright platinum electrodes.



10.

11.

12.

- REFERENCES

Smith, w. T., Jr., Cobble, J. W., and Boyd, G. E., J. Am.

Chem..SOC., 75, 5773.(1953) and 75, 5777 (1953).
Crouthamel, E. C., Anal. Chem., 29, 1756 (1957)

Tribalat, S., and Beydon, J., Anal. Chim. Aéta, 8, 22 (1953).
Sen Sarma, R. N., Anderé; E., and Miller; J. M., J. Phys.
Chem., 63 559 (1959). '

. Maun, E. K., and Davidson, N., J. Am. Chem. Soc., 72, 2254

(1950). _
Fried, S., and Hall, N. F., Chemistry of Technetium, pre-

sented at Spring Meeting of the American Chemical.Society,
April 1950. See also Phys. Rev., 81, 741 (1951).
Fried, S., J. Am. Chem. Soc., 7O, Ul (1948).

Cobble, J. W., Nelson, C. M., Parker, G. W., Smith, W. T., Jr.,

and Boyd, G. E., J. Am. Chem. Soc., T4, 1852 (1952).

Parker, G. W., private communication quoted.in Boyd, G. E.,

J. Chem. Ed., 36, 3 (1959). _ _
Parker, G. W., U.S. Atbmic Energy Commission Report ORNL-1260

(May 1952). |
Rulfs, C. L., and Meinke, W. W., J. Am. Chem. Soc., 7, 235

(1952).

Wu. C. S. (Personal communication, Sept. 1950).

b7



13.
14,

15.

16.

17.

18,

19.
20.
21.
22,

23.

a4,
25.

26.
27.

28.

Boyd, G. E., Cobble, J. W., Nelson, C. M., and Smith, W. T.,

Jr., J. Am. Chem. Soc., 74;'556 (1952).

Parker, G. W., and Martin, W. J., U.S. Atomlc Energy

Commission Document ORNL-1116 (1952) o
Gerlit, J. B., Proc. Internat. Conf. Peaceful Uses of

Atomlic Energy, Geneva, 1955, Vol. 7, Dp. 145 (United Nations,
New York, New Ybrx, 1956). . '

Glendenin, L. E., in Radiochemical Studies: The Filssion

Products, National Nuclear Energy Seriles, Div. XV-9, Paper
259, p. 1545 (Coryell, C. D:., and Sugarman, N., Ed., McGraw-
Hi1l Book Co., Inc., New York, New York, 2086 pp., 1951).

Parker, G. W., and Martin, W. J., U.S. Atomic Energy

Commission Document ORNL-870 (1950).

Flegenheimer, J., and Seelmann-Eggebert, W., Proéeedings

of the First International Conference on the Peaceful Uées

of Atomic Energy, Geneva, 1955, Vol. 7, p. 152 (United
Nations, New York, New York, 1956). '
Boyd, G. E., J. Chem. Educ. 36, 3 (1959).

Perrier, C., and Segre, E., J. Chem. Phys. 7, 155 (1939).
Jacobl, E., Helv. Chim. Acta, 31, 2118 (1948).

Flagg, J. F., and Bleildner, W. E., J. Chem. Phys., 13, 269
(1945).
Boyd, G. E., Larson, Q. V., and Motta, E. E., J. Am. Chem.

Soc. 82, 809 (1960).
Geilmann, W., and Lange, F., Z. anal. Chem., 126, 321 (1943).

Gellmann, W., w1edhmann, F., and Wrigge, F. W., Z. anal.
Chem., 126, 418 (1943).

CGeilmann, W., and Bode, H., Z. anal. Chem., 130, 222 (1950).

Morgen, F., and Sizeland, M. L., United Kingdom Atomic
Energy Authority Report AERE C/M 96 (1950).

Anders, E., unpublished data.

L8



29.
30.
31.

32.

33.

34,
35.
36.

37.
38.

39.
40.

41,
42,

43.

ul .

‘Perrier, C., and Segre, E., J. Chem. Phys., 5, 712 (1937).

Rogers, L. B., J. Am Chem. Soc., 71 1507. (1949)

5

Nelson, C. M., Boyd G. E., and Smith, W. T. .Jr., J.

Chem. Soc., 76, 348 (1954).

de Carvalho, R. A. G., Proc. Second U.N. International Conf.

on the Peaceful Uses of Atomlc Enhergy, Geneva, 19581-Paper

#1810. _ _ :
Alperovitch, E.,_Contribution to the Problem of Naturally

Occurring-Technetium (Doctoral Dissertation, Columbila

University, New York, New York, January 1954).

Busey, R. H., U.S. Atomlc Energx Commisaion Document ORNL-

2782 (1959). _ .
Thomason, P. ¥., U.S. Atomic Energy Commission-Ddcument
ORNL-2453 (1958)

Boyd G. E., Iarson, Q. V » and Motta, E. E., U.5. Atomic
Energy Commission Document AECD—2;51 (1948)

Herr, W., Z. Naturforsch., 9A, 907 (1954).

Parker, G. W., Reed, J., and Ruch, J. W., U.S. Atomic
Energy Commission Document AECD-2043 (1948).

Mihelich, J. W., Goldhaber, M., and Wilson, E., Phys. Rev.,

82, 972 (1951).

Bainbridge, K. T., Goldhaber, M., and Wilson, E., Phys.
Rev., 90, 430 (1953). |
Sugarman, N., and Richter, H., Phys. Rev., 73, 1411 (1948).

Gile, J. D., Garrison, W. M., and Hamllton, J. G., U.S8.

Atomic Energy Commission Document UCRL-1419 (1951).
Golshi, W., and Iibby, W. F., J. Am. Chem. Soc., T4, 6109
(1952).

Johna, D. H., Tracer Studles on Technetium Separatibns

{Doctoral Dlssertation, Unlversity of Wisconsin, Madison,
Wieconsin, 1954). '

L9



4s.

46.

L.

48.

49.

50.

51.

52.

53.

54,

55.

56.
57.

58.

Boyd, G. E., and Larson, Q. V., U.S., Atomic Energy Comm.

Documents ORNL-2159 (1956) and ORNL-2584 (1958).

Boyd, G. E., and Larson, Q. V., J. Phys. Chem., Vol. 64,
988 (1960).

Kraus, K. A., and Nelson, F., Proceedings of the First

International Conference on the Peaceful Uses of Atomic

Energy, Geneva, 1955, Vol.‘7, p. 113 (United Nations, New

York, New York, 1956).
Huffman, E. H., Oswalt, R. L., and Williams, L. A., J. Inorg.
Nucl. Chem., 3, 49 (1956)

Atteberry, R. W., and Boyd, G E., J. Am. Chem. Soc., 72,

4805 (1950)

Hall, N. F., and Johns, D. H., J. Am. Chem. Soc., 75, 5787
(1953).

Alperovitch, E., and Miller; J. M., Nature, 176, 299 (1955).

Boyd, G. E., and Larson, Q. V., J. Phys. Chem., 60, 707 (1956)

Glueckauf, E., in Ion Exchange and its Applications, p. 40,

(Soc. Chem. Industry, London, 1955).

Fisher, S. A., and Meloche, V. W., Anal. Chem., 24, 1100
(1952)

Kraus, K. A., Nelson, G. F., and Moore, G. E., J. Am. Chem.
Soc., 77, 3972 (1955).

Lederer, M., Anal. Chim. Acta, 12, 146 (1955).

Levi, M., and Lederer, M., J. Inorg. Nucl. Chem., 4, 381
(1957) .

Anders, E., Phys. Rev. 110, 427 (1958).

USAEC Office of Technical Inf ien Extension, Oak Ridge, Tennessee

50



	THE RADIOCHEMISTRY OF TECHNETIUM
	TABLE OF CONTENTS
	I. GENERAL REVIEWS OF THE INORGANIC, ANALYTICAL AND RADIOCHEMISTRY OF TECHNETIUM 
	II. TABLE OF ISOTOPES OF TECHNETIUM
	III. REVIEW OF THOSE FEATURES OF TECHNETIUM CHEMISTRY OF CHIEF INTEREST TO RADIOCHEMISTS
	IV. DISSOLUTION OF SAMPLES CONTAINING COMPOUNDS OF TECHNETIUM
	V. COUNTING TECHNIQUES FOR USE WITH ISOTOPES OF TECHNETIUM
	VI. COLLECTION OF DETAILED RADIOCHEMICAL PROCEDURES FOR TECHNETIUM
	REFERENCES


